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Table 1 Characteristics of three metal Additive Manufacturing Categories

Raw Material Working Workpiece )
Type ) ) Advantages Disadvantages
Form Environment Size
High forming precision, High material and operating
Laser Additive ) Protective Small to uniform microstructure, costs, prone to porosity
) Powder/Wire ) ) )
Manufacturing Atmosphere Medium excellent mechanical defects, relatively low
properties forming efficiency
] ] Low material utilization rate,
Electron Beam High energy density, ) ) )
o ) ) ) high material and operating
Additive Powder/Wire Vacuum Large Size suitable for refractory ) )
) costs, relatively low forming
Manufacturing metals )
efficiency
Relatively poor forming
Wire and Arc ) High deposition rate, high accuracy, non-uniform
o ) Protective Large/Extra- ) o ) )
Additive Wire material utilization, cost- microstructure, mechanical
) Atmosphere large . ) .
Manufacturing effective properties require further

improvement

Shielding Gas Shielding Gas

(GMAW) (GTAW)

Wire Wire

CNC machine table

CNC machine table CNC machine table

(a) Gas metal arc welding (b) Gas tungsten arc welding (c) Plasma arc welding
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Fig.1 Typical WAAM system!”!
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Table 2 Comparison of three wire arc additive manufacturing techniques

WAAM Process Heat Source Electrode Advantages Disadvantages
Consumable Wire
Gas metal arc welding GMAW High Deposition Rate Poor Arc Stability
Electrode
. Non-consumable . . Low Deposition Rate,Low
Gas tungsten arc welding GTAW High Forming Accuracy
Tungsten Electrode Material Utilization
Suitable for Rapid Forming ] ]
Non-consumable High Heat Source Cost,High
Plasma arc welding PAW of High-Melting-Point

Tungsten Electrode

Equipment Maintenance Costs
Refractory Metals
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(a) Particle Reinforcement

(b) Continuous Fiber Reinforcement
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Fig.2 Schematic diagram of different enhancement types(*6!
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Figure.3 shows optical microscopy images of solidified droplets from flux-cored wire arc additive manufacturing with different mass fractions of
TiB: in the material: (a) 2 wt %; (b) 5 wt %; (c) 10 wt %; (d) 20 wt %; (e) 30 wt %; (f) Close-up OM image showing bubbles/cavities in
WAAMEB!
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Figure.4 Macro-cross-section of TiB/Ti-6Al-4V composite material
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deposited wall. The samples are labeled S1 through S5,
corresponding to calculated TiB volume fractions of 2%, 5%,
10%, 20%, and 30%, respectively, based on the mass fraction of
TiB2P":(a) So; (b) S1; (¢) S2; (d) S3; (e) S4; () Ss
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Figure.5 Cross-sectional micrographs of Ti-matrix composites

fabricated at different scanning speeds!33!
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Figure.7 Deposited layers of Ti-48Al alloy under insulated
deposition:(a) x-cross-section; (b) y=0 longitudinal
section; (c) distribution of Al element in Region 1; (d)

content profiles of Ti and Al elements along Line 1
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Figure.8 (a) Schematic diagram of the hot-wire arc additive
manufacturing system; (b) Overview of the hot-wire arc
additive manufacturing system; (c) Schematic illustration of

the resistance-assisted heat treatment principle!*®!
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Figure.9 (a) Schematic of the wire-arc additive-manufacturing setup for TC4, showing the locations of metallographic examination and tensile-test

coupon extraction;(b) side-view diagrams of the three distinct scanning strategies employed;(c) photograph of the as-deposited TC4
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Figure.10 Optical macrographs of corrosion cross-sections for TC4 as-deposited walls: sample A to sample C*71:(a) Top of Sample A; (b) Top of

Sample B; (c) Top of Sample C; (d) Bottom of Sample A; (e) Bottom of Sample B; (f) Bottom of Sample C
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Figure.11 SEM images of the basket-weave microstructure!®:(a, c, €) top, middle, and bottom regions of the 5 wt.% sample;(b, d, f) top, middle,

and bottom regions of the 10 wt.% sample
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(b) :S1; (¢) and (d) :S2; () Schematic illustrating the formation mechanism of the oriented microstructure in S1/Sz; (f) TiB whiskers with

high aspect ratios; (g) S3; (h) Ss; (i) morphology of pro-eutectic TiBw (j)—(n) o/p lamellae in S1~Ss
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Figure.13 (a) TiBw clustered along the 3 grain boundaries;(b) TiB aggregates and discontinuous o grain boundaries;(c) TiBw with distinct size
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Table 3 Mechanical properties of TA15 and TiBw/TA15 composites

Material Direction UTS (MPa) YS (MPa) EL (%)
BD 879+ 13 773 £ 14 18.7+6.0
TA1S
Y 987 +8 864 + 18 6.6+1.5
BD 867 + 13 736 £ 17 9.7+3.4
TiBw/TA15
Y 903 +6 782+ 14 63+14
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Figure.19 SEM images of the samples?®*:(A) Ti-6Al-4V; (B) Ti-6Al-

4V + B; (C) Ti-6A1-4V + LaB¢>!

FIRTTRIBYEILHD; R R AL, AR AT
R S R AT, PRSI k. SR, EEAINS
TEHEMRE, JIRRAN AR SEES, MH
B s S SR AT I 575, TR B L P - S SR 52

SE FHFFIEHIR TiBw 35 %%, B H ATsk= 30
R A AR T EFB. ok, ZETAE IR
EEANMTNG, REGHER “ LTESH—mibiT h—
RS E SRR e BEERRERI I, &
B = R S BN T 254 T ek
ARRPLRE I B S RS T 228 R, sl Emnse
EHRSHMAL.

Tensile Strength (MPa)
4 8 B 8 85 &
A e n & o a8

~
e
=]

Ti-BAl4V Ti-BAR4V + B Ti-6Al-4V + LaB6

Elongation at Break (%)

Ti-6AlAY Ti-6AlAV + B Ti-6AMV + LaB6

18 A ff RO T i 1 RE )

Figure.18 Tensile properties of the samples:(blue: transverse direction;

orange: longitudinal direction)**

f
1{'ensilea
f v
1 (7 1 1]

La203 Separation -

Boride Cracking

P20 s (AR IO TOW S5 MWL 22 B TiBw T2 #E35 4 LaBe

HERE R, WEEH] LarOs F0RL 5 SR 4y B 154
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Figure.21 Representative fracture surfaces of boron-containing samples tested in the longitudinal (horizontal) direction:(A) Ti-6Al-4V + B; (B)

Higher-magnification view of the boxed area in A; (C) Ti-6Al-4V + LaBs showing TiB and LaOs particles on the fracture surface.

Arrows indicate fractured TiB whiskers!>*
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Table 4 Summary of mechanical properties

Material Type Yield Strength (MPa)  Tensile Strength (MPa) ~ Elongation (%)  Ref.
Ti-TiBw/Ti (5vol%TiBw) 464 574 27.74
Ti-TiBw/Ti (10vol%TiBw) GTAW 569 663 24.95 [50]
Ti-TiBw/Ti (15vol%TiBw) 620 759 6.77
TiBw/TA15(BD) HWAAM 736£17 867+13 9.7+3.4
TiBw/TA15(Y) (GTAW) 782414 90346 6.3+1.4 .
TC11/TC17(LC) GTAW 1057 14.4 [51]
Ti-6Al-4V+B(T) 806 19.5
Ti-6Al-4V+B(L) 857 8.5
GTAW [54]
Ti-6Al-4V+LaB6(T) 852 13.5
Ti-6Al-4V+LaB6(L) 865 5.8
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Abstract: Titanium matrix composites (TMCs) have emerged as promising candidates for lightweight, high-strength structural components. Their

appeal lies in the potential to surpass the performance limits of conventional homogeneous alloys through strategic design of reinforcements in terms

of their type, morphology, and spatial distribution. Concurrently, wire arc additive manufacturing (WAAM) offers a novel paradigm for fabricating
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complex TMC structures with high material utilization and shortened processing routes, leveraging its dual advantages of near-net shaping and rapid
solidification. This review systematically summarizes the current state of research on wire arc additively manufactured TMCs, with a focused
discussion on three critical aspects: geometrical integrity, microstructural characteristics, and mechanical properties. The analysis indicates that by
optimizing process parameters such as heat input and current mode, and employing auxiliary processes including preheating and maintaining
temperature. can effectively mitigate defects such as porosity and cracking, thereby improving dimensional accuracy. The inherent rapid solidification
of WAAM, combined with the introduction of reinforcing phases, facilitates grain refinement and enables microstructural control. Furthermore, the
strategic design of architectural features such as laminated or network-like structures can lead to significant enhancement in material strength. Future
research should focus on a deeper integration of process-microstructure-property relationships to accelerate the broad adoption of this technology in
the manufacturing of high-performance components.

Key words: Wire arc additive manufacturing, Titanium matrix composites, Geometrical integrity,Microstructure, Mechanical properties
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